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INTRODUCTION 
Marbled godwits breed on the grasslands of north central 
North America (Palmer 1967). This northern prairie ecosystem 
has undergone marked changes since the establishment of 
European culture in the late 1800s. As agrarian development 
has proceeded, two primary ecosystem components, fire and 
native grazers, have been controlled or eliminated. Wetlands 
have been drained and native vegetation replaced by small 
grain and row crop agriculture (Aus 1959, Stewart 1975). 
The effect of these changes on marbled godwits is largely 
unknown. Indeed, virtually no quantitative information on the 
breeding ecology and habitat requirements of this species 
exists. Therefore, I quantified habitat use by godwits and, 
by measuring habitat availability and the characteristics of 
used and unused sites, determined habitat selection or 
preference patterns. Using this information, I attempted to 
assess the impact of environmental alterations and predict the 
effect of continued land-use changes on godwits. As it is 
unlikely that these alterations can be stopped, I also have 
suggested management strategies for public lands that may help 
ameliorate any deleterious effects of these changes on 
godwits. 
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STUDY AREA 
I collected data from April through August 1979-1981 on an 
800 km^ area in western Stutsman and eastern Kidder counties 
of east-central North Dakota. My study area lies wholly 
within the Missouri Coteau physiographic region. The Coteau 
is a previously glaciated, irregular plain characterized by 
numerous, shallow wetlands. Much of the northern and eastern 
portions of my study area is dead-ice moraine, formed 
9,000-13,000 B.P. by the slow melting of stagnant ice buried 
under glacial debris (Bluemle 1977), This process has 
produced a knob and kettle topography of well-drained uplands 
and water-filled basins. In contrast, the southwestern 
section is composed of a large glacial outwash plain with 
fewer wetlands of generally greater salinity. 
Mixed grass prairie dominated the uplands of central North 
Dakota before settlement. Beginning about 1895, agricultural 
development on my study site has reduced native prairie 
habitat to approximately one-fourth of the area (Table 1). 
Dominant prairie vegetation remaining is composed of green 
needle grass (Stipa viridula), needle-and-thread (S. comata), 
blue grama (Bouteloua gracilis), western wheat grass 
(Agropyron smithii), and little bluestem (Andropogon 
scoparius). 
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Table 1. Mean percent land-use 
areas (1980 and 1981)^ 
and vegetation type on upland 
Land-use Native Introduced Total 
Tilled 0.0 36.6 36.6 
Pasture 21.8 5.8 27.6 
Hayfield 2.3 19.2 21.5 
Grassland 2.4 7.6 10.0 
Other 0.0 4.3 4.3 
Combined 26.5 73.5 
^Based on random sample of 368 quarter sections each year. 
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Alfalfa (Medicago sativa), sweetclover (Meliotus spp.), and 
smooth brome (Bromus inermis) are the primary tame hay species 
grown on the area. Nonnative idle grasslands commonly contain 
smooth brome, introduced wheat grasses (Agropyron elongatum, 
A. intermedium, A. cristatum), Quackgrass (A. repens), 
Kentucky bluegrass (Poa pratensis), alfalfa, and many other 
introduced weedy species. 
During 1980 and 1981, small grain crops (wheat, Triticum 
aestivum; oats, Avena sativa; and barley, Hordeum vulgare) 
made up 72% of tilled lands, row crops (sunflower. Helianthus 
annuus and corn, Zea mays) roughly 12%, and the remaining 16% 
was in summer fallow. 
Wetland conditions varied over the 3 years of my study 
(Table 2). Very wet conditions in 1979 were followed by 
drought in 1980 and 1981. In addition to reducing wetland 
abundance, the drought changed the relative availability of 
different wetland classes (Table 2). 
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Table 2. Early May pond counts and shoreline availability 
(km) along transect routes 
Wetland^ 1979 1980 1981 
Class (9-19 May) (4-14 May) (30 Apr-11 May) 
No. km No. km No. km 
ephemeral 113 13.4 14 3.8 7 0.6 
temporary 124 18.2 22 1.3 6 0.2 
seasonal 132 46.4 72 13.7 35 4.8 
semi-perm 175 107.8 168 86.2 122 47.3 
permanent 33 44.1 39b 49.4 39 46.1 
alkali 18 25.0 15 18.5 9 10.0 
feedlot 10 3.8 3 0.9 3 0.8 
stockpond 10 1.4 18 1.3 14 1.3 
Total 615 260.0 351 175.1 235 111.1 
^Increase 
conditions. 
from 1979 due to route change because of road 
^Stewart and Kantrud 1971. 
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METHODS 
I chose the Missouri Coteau study area because that region 
supports one of the densest breeding populations of marbled 
godwits in the U. S. (Stewart 1975). Nonetheless, densities 
were quite low (see RESULTS) and distribution patchy. For 
these reasons, and because I wished to sample a wide array of 
habitats, I elected to use an extensive approach to data 
collection. 
To contrast godwit use and the availability of habitats and 
to characterize used and unused sites, I sampled along four 
approximately 75-km long roadside transects. Each of the four 
transects took from 8-14 hours to complete. Two investigators 
drove each transect route bi-weekly from the time godwits 
arrived, in mid-April, until late August when most godwits had 
departed. Each transect was travelled alternately from 
opposite ends and starting times were also alternated, 
beginning at dawn or later in the day so as to complete the 
routes near dusk. Transects were driven slowly and both 
investigators scanned uplands for godwits. I stopped at each 
wetland and viewed the entire basin using binoculars and a 
20-45X spotting scope. 
During each transect run, I recorded habitat features at 
all sites used by godwits and at 15 different, randomly 
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selected wetland/upland sites, at which no godwits were seen 
(unused habitats). At wetland sites, I recorded wetland 
class, wetland salinity, vegetative structure (height-areal 
coverage) composition of the shallow water and shore zones, 
and upland land-use composition surrounding wetlands. At 
upland sites, land-use composition, whether vegetation was 
composed of native or introduced species, and vegetative 
height composition were recorded. 
Wetland class I located and mapped all wetlands visible 
within 350-m of each transect route on U. S. Geological Survey 
topographic maps (scale 1:24,000) and classified them 
following Stewart and Kantrud (1971). Of the seven 
ecologically distinct classes identified by Stewart and 
Kantrud, all, except fen ponds (Class VII) occurred along my 
transect routes. In addition to the-six naturally occurring 
wetlands, use and availability of flooded feedlots and 
stockponds were also monitored. 
Because godwits almost exclusively use the wetland edge, I 
used shoreline length as the wetland availability measure. 
Spring 1979 was very wet and I arbitrarily set wetland sizes 
at 100% at this time. Shoreline length was estimated from U. 
S. G. S. maps using a map measurer (cartometer). If basins 
were too small to be mapped and measured accurately (<2.0-ha), 
I visually estimated size to the nearest 0.1-ha and calculated 
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shore length as circumference. Most ponds less than 2.0-ha 
were roughly circular. On each transect run, I estimated size 
of each wetland and re-calculated shoreline length. Thus, 
both total use and availability of each wetland class along 
all four transects were determined on a bi-weekly basis. 
Wetland salinity I determined salinity levels for all 
used and randomly sampled, unused wetlands. I assigned 
wetlands to six salinity categories following a classification 
scheme modified from Stewart and Kantrud (1971). This 
approach uses specific plant species occurrence and relative 
abundance in different wetland classes as indicators of 
average surface water salinity. 
Wetland vegetation structure I quantified the 
vegetation structural (height-areal coverage) composition in 
the shallow water zone (a 3-m wide strip from shoreline toward 
pond center) and the shore zone (a 5-m wide strip from 
shoreline toward the upland) of used and unused wetlands by 
estimating the relative coverage of 10 height-areal coverage 
categories. These cover types composed a continuum from 
completely open to tall dense cover. Preliminary analyses 
resulted in combining categories into five for final analyses; 
open water or bare soil; 
short sparse (ss) - <15-cm tall and <75% dense (areal 
coverage); 
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moderately short sparse (mss) - <15-cm, >75% dense, or 
15-50-cm, <25% dense, or >60-cm, <25% dense; 
moderately tall dense (mtd) - 15-60-cm, >25% dense; 
tall dense (td) - >60-cm, >25% dense. 
Because wetland sizes varied dramatically and often changed 
on a bi-weekly basis, I compared percent coverage of cover 
types between used and unused wetlands. When I saw godwits in 
wetlands, I recorded the vegetation cover type at the exact 
site occupied. Thus, by examining differences in cover type 
composition between used and unused wetlands, and by 
contrasting actual cover type use versus availability within 
used ponds, I could assess wetland selection relative to 
vegetation structure at two levels (second and third order 
selection levels, Johnson 1980). 
Land-use surrounding wetlands At used and unused 
wetlands, I estimated the land-use composition of immediately 
surrounding uplands (out to a distance of 200-m). I 
recognized five land-use types: pasture, lands currently or 
recently grazed by livestock; hayfield, lands on which 
vegetation was mowed the previous or current year; grassland, 
idle tracts dominated by grass species; tilled, lands on which 
tillage operations occurred, including summer fallow; and 
other, residential areas, shelterbelts, farmsteads, and 
miscellaneous. I considered habitats classified as "other" to 
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be unavailable to godwits and did not include this land use in 
the analyses. 
Upland land-use When I saw godwits in uplands, the 
land-use type (categories as above) they occupied was 
recorded. Additionally, land-use composition was estimated 
for an area 200-m in radius surrounding godwits (used sites). 
I also characterized a similar sized area at the random unused 
sites. Total land-use availability was determined by randomly 
sampling 368 quarter sections (5% of total) along transect 
routes each year (Table 1). I made only one survey per year 
because land use during any year was relatively static. 
Native versus introduced vegetation In 1980 and 1981, I 
identified the vegetation of pasture, hayfield, and grassland 
habitats as either native or introduced at used and unused 
sites, and at all quarter sections sampled for land-use 
availability. 
Upland vegetative structure I estimated the vegetative 
height composition of pastures, hayfields, and grasslands at 
all used and unused sites. I recognized three height 
categories: <15-cm, 15-60-cm, and >60-cm tall. Because upland 
vegetation of these land-use types varied little in areal 
coverage (nearly all was >75%) I did not include it as a 
factor. When I saw godwits in uplands, I recorded vegetation 
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height at the site occupied and estimated availability of 
height categories in the surrounding 200-m radius area. I 
recorded the same data at unused sites. Again, two habitat 
selection levels could be evaluated. 
Intensive observations 
In an effort to determine the reliability of data gathered 
from transect observations, I intensively studied several 
godwit pairs. I found nests by watching godwits return to 
nests for egg-laying, or incubation bouts. This method 
eliminated potential bias of finding more nests where I 
searched the most. At nest sites, I estimated percentage 
cover of bare soil and three vegetation height categories (see 
Upland vegetative structure) in 1 m^ plots centered over the 
nests. Land-use type and whether plant species at nest sites 
were native or introduced were also recorded. 
I captured godwits on nests using long-handled dipnets or 
with hand-tripped, bow-net traps. I individually marked 
godwits with an U. S. Fish and Wildlife Service band on one 
leg and three colored bands on the tibiotarsus of the other 
leg. I delineated territory boundaries by noting responses to 
play-back recordings of godwit calls, by observing marked bird 
movements, and by mapping territorial disputes with other 
pairs. I mapped upland land-use composition and counted and 
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classified all wetlands within territories. 
I also made time-budget observations on individual birds. 
These observations were -continuous sightings, from 15 to 118 
minutes long. I determined time spent by godwits in each 
cover type in shallow water and shore zones and in upland 
land-use categories, from spot-observations every 30 sec, 
using a modified metronome timing device (Wiens et 1970). 
Analysis periods 
The northern prairie ecosystem is dynamic; water levels 
change rapidly and plant growth markedly alters habitat 
features over brief time periods. Birds' nutritional 
requirements and habitat use and selection may vary seasonally 
(e.g. see Krapu 1974, Drobney 1980, Rice et 1981, Pietz 
and Tester 1982). Therefore, I initially analyzed data for 
five periods: prebreeding, breeding, nonbreeding summer 
resident, postbreeding, and broodrearing. 
Most godwits arrived on my study area already paired. Some 
pairs began defending territories immediately, while others 
formed loose assemblages with other pairs and unpaired birds. 
Some birds in these assemblages probably were migrants. , These 
assemblages were characterized by nearly equal sex ratios and 
I identified them as prebreeding godwits. The prebreeding 
period lasted from 20 April to 11 May 1980 and 18 April to 7 
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May 1981. Because systematic observations did not begin until 
9 May 1979, I collected no data on prebreeders that year. 
I recorded all single and 2 bird (male-female) sightings as 
breeding pairs, from the time of arrival until the last known 
nest was projected to hatch. Inclusive dates for breeding 
pair observations were 9 May to 23 June 1979, 20 April to 25 
June 1980, and 18 April to 15 June 1981. 
As spring migrants departed and pairs set up territories, 
prebreeding assemblages were reduced to nearly all-male 
groups, which I recorded as nonbreeding summer residents. 
Such groups remained on the study area throughout each summer. 
As godwits lost nests to predators or other causes, they 
began to form loose flocks or joined nonbreeding assemblages. 
Sex ratios of these postbreeding groups approached 1:1. I 
first recorded postbreeding godwits on 9 June 1979, 18 June 
1980, and 5 June 1981. All godwits seen after the end of the 
breeding pair period, except adults with broods, were 
considered postbreeders. I recorded all sightings of 
dependent young-of-the-year as broods. 
Adult godwits were sexed following criteria described by 
Nowicki (1973) and from additional information collected 
during this study. 
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Analysis 
I evaluated the efficiency of variables in characterizing 
used and unused habitats using discriminant function analysis. 
These analyses were non-stepwise classification procedures 
based on posterior probabilities (Helwig and Council 1979). 
Use and availability of habitat components were compared in 
two ways. First using goodness-of-fit procedures to test if 
total use patterns differed from expected based on total 
availability within periods in each year, and secondly, using 
bi-weekly surveys (summations of the four different transect 
routes data) as independent samples for contrasting use and 
availability following Johnson (1980). This method provides a 
ranking of habitat components based on preference and tests 
the significance of the rankings (Johnson 1980). The 
procedure uses the difference between use rank and 
availability rank. The differences are averaged across 
samples for each component. Rank order of components is then 
tested using a multiple comparison procedure (Waller and 
Duncan 1969, Johnson 1980). Where appropriate, I used this 
technique to rank habitat features over all 3 years. 
I tested for differences in vegetation structural 
composition between used and unused sites for shallow water 
and shore zones and upland land-use types using one-way 
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analysis of variance. I used arcsine transformations of all 
percentage data for these analyses (Sokal and Rohlf 1969). 
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RESULTS 
From 1979 through 1981, I made 2,128 marbled godwit 
observations along habitat use transect routes (Table 3). In 
the wettest year, 1979, three-fourths (76.5%) of all godwit 
sightings, excluding broods, were in wetlands. Although 1980 
was much drier (Table 2), wetland sightings still predominated 
(89% of nonbrood observations). In 1981, an even drier year, 
I recorded a marked shift to upland habitats by prebreeding, 
breeding, and nonbreeding resident godwits. I saw only 30% of 
these birds in wetlands. Postbreeding godwits did not change 
use patterns as dramatically; 71% of 1981 sightings were in 
wetland habitats. Broods consistently used upland habitats 
more frequently than wetlands throughout all 3 years. 
I estimated breeding pair densities for each year based on 
early May peak counts from habitat-use transect data following 
Eberhardt (1978). I designed the transect sampling scheme 
primarily to assess habitat use, and replicate samples were 
not frequent enough to allow statistical comparisons of 
densities among years. Nonetheless, the sharp decline in 
breeding pairs from 1979 (0.7 prs./km^) to 1980 (0.2 prs./km^) 
and 1981 (0.3 prs./km^) suggests that the drought conditions 
of 1980 and 1981 did affect the breeding population. 
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Table 3. Percent marbled godwit sightings in wetland and 
upland habitats, 1979-1981 
Period Wetland Upland 
Prebreeding® 
1980 (n=158) 95.2 3.8 
1981 (n= 99) 10.1 89.9 
Breeding Pairs 
1979 (n= 88) 75.0 25.0 
1980 (n= 75) 81.3 18.7 
198.1 (n= 84) 53.6 46.4 
Nonbreeding 
1979 (n= 41) 73.2 26.8 
1980 (n=142) 78.9 21.1 
1981 (n= 61) 29.5 70.5 
Postbreeding 
1979 (n=263) 77.6 22.4 
1980 (n=445) 91.2 8.8 
1981 (n=615) 70.9 29.1 
Broods 
1979 (n= 22) 27.2 72.8 
1980 (n= 16) 31.3 68.7 
1981 (n= 18) 28.6 71.4 
^No data for 1979. 
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Wetland Habitats 
I used discriminant function analysis to determine how well 
the variables measured distinguished between used and randomly 
selected, unused wetlands. Because many of the period 
analyses, over all years, had heterogenous within group 
variance-covariance matrices, I made no attempt to rank 
variable coefficients relative to their importance in the 
discrimination. Rather, I combined variables in different 
combinations to test which produced the maximum separation 
between used and unused habitats (see Martinka 1972). 
Breeding pairs are territorial and select wetlands only early 
in the breeding period. Therefore, for the breeding pair 
discriminant analyses, I compared used and unused wetlands 
only for the first half of each breeding period. 
The discriminant analyses correctly classified 92% of all 
used, and 87% of all unused wetlands, excluding broods, over 
the 3 years (Table 4). Wetland class, salinity, and 
vegetation structure variables in both shallow water and shore 
zones contributed to the discrimination. The only variable 
which did not seem to contribute to the differentiation was 
land-use type surrounding wetlands. Univariate analyses on 
land-use composition around wetlands confirmed this. I found 
relatively few significant differences and little or no 
pattern of difference for any of the periods in all years 
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Table 4. Percent used and unused wetlands correctly classified 
by discriminant function analysis for each period, 
1979-1981 
Period Used Unused 
No. Percent No. Percent 
PrebreedingS-
1980-1981 162 93.8 185 98.9 
Breeding pairs^ 
1979 49 93.9 72 86.1 
1980 45 75.6 67 92.5 
1981 42 88.1 93 60.2 
Nonbreeding 
1979 37 86.5 60 85.0 
1980 101 94.1 135 99.3 
1981 23 100.0 84 92.3 
Postbreeding 
1979 189 • 94.2 238 95.8 
1980 399 94.2 251 79.8 
1981 485 91.3 358 82.5 
Broods 
1979-1981 15 46.7 336 98.5 
^used, 1980 n=152, 1981 n=10; unused, 1980 n=91, 
1981 n=94. 
^Data from first half of breeding period, see text for 
explanation. 
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(Tables A.1-A.5). 
I saw broods using wetlands on only 15 occasions in 3 years 
and was unable to characterize these habitats well, resulting 
in poor discrimination between used and unused sites (Table 
4). 
Wetland Class 
Because wetland class use patterns by prebreeding, 
breeding, and nonbreeding resident godwits were similar within 
years (Tables A.6-A.8) I combined data for analysis. In 1979, 
when wetlands were most abundant, godwits most frequently 
(33%) used semi-permanent wetlands (Table 5). But, use was 
less than expected based on availability. In contrast, 28% of 
all godwit sightings were at ephemeral ponds, which provided 
only 5% of total wetland shore length. Godwits also used 
temporary and alkali wetlands more frequently than predicted 
from availability levels. 
As the drought took effect in 1980, total and relative 
availability of ephemeral and temporary pond habitats 
decreased and so did godwit use. Use frequencies, however, 
were still more than twice that of availability levels. With 
this decline, godwit use shifted primarily to alkali (23%) and 
semi-permanent (55%) wetlands. 
Table 5. Percent wetland use and availability (km), and preference rank for 
prebreeding, breeding, and nonbreeding godwits, 1979-1981 
Wetland 
Class 
1979 
Use Avail. 
(n=95) (n=770) 
1980 
Use Avail. 
(n=307)b (n=852) 
1981 
Use Avail. 
(n=73) (n=481) 
Preference^ 
rank 
ephemeral 28.4 4.5 2.9 1.3 19.2 0.4 IPP 
temporary 17.9 7.0 2.0 1.1 0.0 0.3 3BC 
seasonal 5.3 17.4 1.3 8.0 5.5 3.9 5C 
semi-perm 32.6 42.1 64.5 48.2 31.5 42.5 4C 
permanent 1.1 17.2 5.9 29.2 17.8 40.5 6D 
alkali 14.7 9.7 22.8 10.5 21.9 10.6 2AB 
feedlot 0.0 1.4 0.7 0.6 1.4 0.7 7 
stockpond 0.0 0.5 0.0 0.8 2.8 1.2 7 
X2=114. 9, 5 d.f.d XZ=138. 2, 4 d.f. X2=79.0 , 3 d.f. 
p<0. 005 p<0. 005 p<0. 005 
^Johnson 1980. 
^7% were nonbreeding birds. 
^anks with the same letter are not significantly (p>0.05) different 
from each other; ranks without letters had too few observations for 
analysis. 
'^Goodness-of-fit test, use vs. availability. 
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By 1981, ephemeral and temporary wetlands were rare, but 
ephemeral ponds accounted for nearly 20% of all godwit 
sightings. Late May rains briefly flooded ephemeral basins 
and godwits responded noticeably to this newly available 
habitat. Correspondingly, use of semi-permanent ponds 
declined, again to levels below that of availability. Godwit 
use of alkali lakes remained high in 1981. 
As total wetland availability decreased, godwit use of 
permanent lakes increased, reaching 18% in 1981, but was 
always well-below levels expected based on availability. 
Godwits used seasonal ponds, flooded feedlots, and stockponds 
sparingly and use exceeded availability only in 1981. 
I used Johnson's (1980) use-availability comparison 
approach to summarize wetland preference over all years 
(Table 5). The preference rankings generated roughly reflect 
the shifts in use seen over the 3 years as wetland 
availabilities changed. 
Data obtained from intensive observations of marked 
individuals yielded additional insight into godwit wetland 
selection patterns. Godwit territories averaged 0.9 km^ 
(s.e.=0.1, n=14, range 0.2-2.0 km^). Territories had 
significantly more wetlands within their boundaries than did 
randomly selected areas of equal size (territory x= 4.9 + 0.9, 
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n=14; random x=2.1 + 0.5, n=14; F=5.9, p=0.01) and had 
significantly more wetland classes represented than did random 
areas (territory x=2.5 + 0.2, random x=1.4 + 0.3, F=13.0, 
p=0.001). 
The frequency of occurrence of alkali, ephemeral, and semi­
permanent wetlands in territories was significantly greater 
than in the random areas, thus supporting the evidence from 
the transect survey data (Table 6). 
Wetland use by postbreeding marbled godwits differed 
markedly from spring and summer birds (Table 7). In 1979, 
nearly 75% of all postbreeding godwits seen used flooded 
feedlots. With lowering water levels in 1980 and 1981, use of 
feedlots declined, but remained high relative to availability. 
As feedlots dried, use shifted to alkali wetlands, and in 
1981, also to permanent lakes. Postbreeding godwits seldom 
used semi-permanent wetlands. Preference rankings again 
provide a concise summary of selection dynamics (Table 7). 
Broods used wetland habitats too infrequently for me to 
analyze for selection patterns. 
Salinity 
The distribution of wetlands in salinity categories 
differed significantly between used and unused wetlands in 
nearly all periods of all years (Tables A.9-A.13). But, rank 
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Table 5. Wetland occurrence frequency in 14 marbled godwit 
territories and 14 randomly selected areas, 
1980-1981 
Wetland Random Signif. level of^ 
Class Territories Areas contingency test 
ephemeral 8 2 ** 
temporary 4 2 
seasonal 2 5 
semi-perm 13 8 * 
permanent 3 3 
alkali 7 0 *** 
feedlot 0 1 
stockpond 0 0 
^If no asterisk appears, p>0.05. 
* p<0.05. 
** p<0.01. 
*** p<0.005. 
Table 7. Percent wetland use and availability (km), and preference rank for 
postbreeding godwits, 1979-1981. 
Wetland 
Class 
1979 
Use Avail. 
(n=204) (n=1037) 
1980 
Use Avail. 
(n=405) (n=512) 
1981 
Use Avail. 
(n=437) (n=635) 
Preference 
rank 
ephemeral 18.2 3.2 0.0 0.2 7.1 0.3 2B^ 
temporary 0.0 5.5 0.0 0.1 0.0 0.2 6 
seasonal 0.0 17.0 0.0 3.8 0.0 2.4 6 
semi-perm 0.5 43.5 7.9 39.9 11.9 37.1 5D 
permanent 0.0 18.2 12.8 43.9 38.4 45.3 4C 
alkali 7.9 10.5 59.7 10.3 32.5 13.0 3B 
feedlot 73.4 1.6 9.6 0.8 10.1 0.4 lA 
stockpond 0.0 0.5 0.0 0.9 0.2 0.8 6 
X2=114. 9, 5 d.f X2=138. 2, 4 d.f. X2=79.0, 3 d.f. 
p<0. 005 p<0. 005 p<0. 005 
^See Table 5. 
bsee Table 5. 
cgee Table 5. 
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correlation analyses showed no association between use and 
level of salinity for any period in any year (Tables 
A.9-A.13). Wetland class and salinity categories were 
significantly correlated (Spearman rank r=0.45, p<0.0001, 
n=1403) over all years and this probably accounted for most of 
the differences in distribution between used and unused sites 
and for the evident contribution of salinity to the 
discrimination. Seemingly, godwits do not select wetland 
habitats with respect to salinity. 
Vegetation Structure 
Prebreeding, breeding, and nonbreeding godwit use of and 
the availability of both shallow water and shore zone 
vegetation structural types showed similar patterns within 
years (Tables A.14-A.21) and were combined for analysis. In 
attempting to determine godwit use of various height-areal 
coverage categories from transect samples, a potential bias 
results because godwits may be more difficult to see in 
taller, denser cover. Bare soil/open water, short sparse, and 
moderately short sparse cover types are sufficiently open 
habitats that detectability was not a problem. Godwits, in 
moderately tall dense, or tall dense cover types, might be 
more difficult to see, and therefore use of these cover types 
underestimated. To test this hypothesis and, if necessary, 
develop correction factors, I recorded the amount of time 
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marked birds spent in various vegetation structural types. 
Transect and time-budget observation distributions did not 
differ for the shallow water zone (X^=0.8, 1 d.f., p>0.25). 
For the shore zone, during transect runs, I saw godwits using 
the taller cover types more frequently than expected from 
time-budget observations (X2=10.9, 1 d.f., p<0.005). 
Seemingly, no bias in detectability during transect 
observations occurred. 
In 1979 and 1980, the shallow water zone of used wetlands 
had significantly greater proportions of more open habitats, 
than wetlands not used (Table 8). By 1981, the lower overall 
availability of wetlands and the associated drawdown effects 
on wetland vegetation resulted in fewer differences between 
used and unused ponds. But, the proportion of tall dense 
cover was still significantly less in used than unused 
wetlands. Within used wetlands, godwits occupied short sparse 
vegetation more frequently than availability levels in each 
year (Table 8). Although godwits often used open water in 
1980 and 1981, total use and use relative to availability were 
low in 1979 when more light to moderately vegetated areas were 
available. Godwits avoided tall dense vegetation in all 
years. Use-availability comparisons ranked short sparse 
vegetation significantly more preferred than all other cover 
types (Table 9). Moderately vegetated sites were 
Table 8. Percent use and mean percent availability of vegetation cover types 
in the shallow water zone of used and unused wetlands -
prebreeding, breeding, and nonbreeding godwits, 1979-1981, 
Vegetation 
Cover Avail. Avail, in Used vs.^ 
Types Use in Used Unused Unused 
1979 (n=75) (n=133) (n=160) 
open water 12.0 24.9 7.3 0.0001 
ss 38.7 24.0 5.8 0.0001 
mss 12.0 7.9 3.8 0.0001 
mtd 37.3 30.5 61.0 0.0001 
td 0.0 12.3 22.4 0.0001 
X^=21.4, 4 d. t., p<0.005b 
1980 (n=238) (n=341) (n=270). 
open water 46.2 41.5 20.1 0.0001 
ss 45.2 36.4 13.3 0.0001 
mss 3.8 5.7 3.5 0.01 
mtd 4.6 10.1 26.0 0.0001 
td 0.0 5.4 37.4 0.0001 
X2=28.0, 4 d. f., p<0.005 
1981 (n=62) (n=lll) (n=235) 
open water 53,2 37.6 31.3 0.11 
ss 19.4 10.9 7.7 0.03 
mss 6.5 8.2 1.8 0.0001 
mtd 21.0 17.2 
CO CO H
 0.18 
o
 
d
 26.0 45.9 0.0001 
X2=24.8, 4 d.f. , p<0.005 
^ANOVA, probability of greater F-statistic. 
^Goodness-of-fit, use vs. availability within used. 
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Table 9. Cover type preference rankings for shallow water and 
shore zones for prebreeding, breeding, and 
nonbreeding godwits, and postbreeding godwits. 
Vegetation Preference Ranks 
Cover Wetland Shore 
Types Zone Zone 
Prebreeding, breeding. and nonbreeding 
open water/ V-i bare soil 4C° 4BC 
ss lA lA 
mss 2B 2AB 
mtd SB SAB 
td 5D 5C 
Postbreeding 
open water/ 
bare soil SB SB 
ss • lA 2A 
mss 2A lA 
mtd 4C 4C 
td 50 5C 
^See Table 5. 
^See Table 5. 
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significantly preferred over open water, while tall dense 
vegetation was least preferred. 
Comparisons of shore zone vegetative structure in used and 
unused wetlands showed similar patterns to shallow water zone 
data (Table 10). Significantly greater proportions of used 
wetlands had more open cover than unused wetlands, but again 
differences were less dramatic in 1981. In contrast to the 
shallow water zone, godwits, in 1979 and 1980, used shore zone 
cover types within used wetlands in proportion to their 
availability. Only in 1981, when differences between used and 
unused ponds were less distinct, did preferential use of cover 
types occur. Use-availability rank results were identical to 
those of the shallow water zone, but statistical differences 
were less distinct (Table 9). This is a function of the 
proportional use of cover types in 1979 and 1980 and suggests 
that the shallow water zone may be of greater importance to 
godwits than the shore zone. Godwits fed significantly more 
often in the shallow water zone than in the shore zone (Table 
A.22). 
Postbreeding godwits selected wetlands with large 
proportions of very open cover types in the shallow water zone 
(Table 11). Wetlands with major proportions of tall dense 
cover were avoided. In 1979, when used wetlands had a major 
short sparse cover component, it was frequently used by 
Table 10. Percent use and mean percent availability of vegetation cover 
types in the shore zone of used and unused wetlands - prebreeding, 
breeding, and nonbreeding godwits, 1979-1981-
Vegetation 
Cover 
Types Use 
Avail, 
in Used 
Avail, in 
Unused 
Used vs.' 
Unused 
1979 (n=47) (n=133) (n=160) 
bare soil 14.9 15.0 4.0 0.0001 
ss 0.0 0.5 1.5 0.13 
mss 46.8 45.8 14.4 0.0001 
mtd 38.3 35.3 69.5 0.0001 
td 
X2= 
0.0 
0.4, 2 d.f. 
2.5 
, p>0.75^ 
10.6 0.0001 
1980 (n=83) (n=340) (n=270) 
bare soil 31.3 25.1 9.9 0.0001 
ss 32.5 38.5 7.1 0.0001 
mss 14.5 15.6 16.8 0.4 
mtd 20.5 15.3 38.4 0.0001 
td 
X2= 
1.2 
6.5, 4 d.f. 
5.5 
, p>0.1 
27.2 0.0001 
1981 (n=38) (n=155) 
bare soil 23.7 16.7 
ss 5.3 3.9 
mss 44.7 23.3 
mtd 26.3 19.1 
td 0.0 37.6 
X2=24.1, 3 d.f., p<0.005 
^ee Table 8. 
^See Table 8. 
n=235) 
15.9 
2.5 
7.8 
21.5 
52.3 
0.85 
0.21 
0.0001 
0.78 
0.0002 
Table 11. Percent use and mean percent availability of vegetation cover 
types in the shallow water zone of used and unused wetlands -
postbreeding godwits, 1979-1981 •. 
Vegetation 
Cover 
Types Use 
Avail. , 
in Used 
Avail, in 
Unused 
Used vs. 
Unused 
1979 (n=47) (n=189) (n=238) 
open water 19.1 56.4 3.6 0.0001 
ss 59.6 27.8 2.0 0.0001 
tnss 10.6 • 2.1 0.5 0.0001 
ratd 0.0 5.1 39.9 0.0001 
td 10.6 
X2=28.8, 3 d. 
8.6 
f., p<0.005^ 
54.2 0.0001 
1980 (n=331) (n=399) (n=254) 
open water 100.0 92.5 38.8 0.0001 
ss 0.0 0.9 0.9 0.95 
mss 0.0 0.2 1.4 0.0001 
mtd 0.0 2.2 13.2 0.0001 
td 0.0 
X2=27.0, 4 d. 
4.0 
f., p<0.005 
45.3 0.0001 
1981 (n=342) (n=480) 
open water 91.2 79.6 
ss 0.9 2.1 
mss 0.9 1.6 
mtd 6.4 6.9 
td 0.6 8.7 
X2=33.9, 2 d.f., p<0.005 
See Table 8. 
See Table 8. 
n=354) 
35.8 0.0001 
2.7 0.11 
0.7 0.0001 
11.7 0.97 
49.0 0.0001 
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postbreeders. In 1980 and 1981, receding water levels left 
very little of this cover type available and postbreeders used 
open water almost exclusively. Overall, postbreeders 
preferred short sparse and moderately short sparse cover types 
over open water (Table 9). The taller, denser cover types 
(moderately tall dense and tall dense) were the least 
preferred. 
Shore zone observations (Table 12) showed very similar 
patterns with postbreeders using bare soil most frequently in 
all years, but short sparse and moderately short sparse cover 
were the most preferred (Table 9). 
Preferred wetlands (ephemeral, alkali, feedlot, and 
temporary) had greater proportions of their shallow water and 
shore zones composed of the four preferred, more open cover 
types (Table 13), 
Upland Habitats 
For upland habitats, I again used discriminant function 
analyses to test how well the variables could distinguish used 
from unused sites. The procedures correctly classified 82% of 
used and 87% of unused sites, excluding broods, over all 
periods of 3 years (Table 14). Land-use, vegetation height, 
and native versus introduced vegetation variables all 
contributed to the discrimination. This classification 
Table 12. Percent use and mean percent availability of vegetation cover 
in the shore zone of used and unused wetlands -
postbreeding godwits, 1979-1981 
Vegetation 
Cover 
Types Use 
Avail, 
in Used 
Avail, in 
Unused 
Used vs.^ 
Unused 
bare soil 
ss 
mss 
mtd 
td 
1979 (n=139) 
68.3 
15.1 
12.2 
2.9 
1.4 
(n=189) 
50.3 
24.1 
7.5 
11.0 
7.0 
X2=32.2, 4 d.f., p<0.005b 
1980 (n=68) (n=399) 
bare soil 
ss 
mss 
mtd 
td 
73.5 
26.5 
0.0 
0.0 
0 .0  
57.8 
2.5 
0.2 
7.0 
33.2 
(n=238) 
1.9 
0,8 
5.2 
58.7 
33.4 
(n=254). 
18.8 
1.8 
2.4 
33.3 
43.0 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.22 
0.0001 
0.0001 
0.0004 
X2=51.2, 2 d.f., p<0.005 
1981 (n=72) (n=480) 
bare soil 72.2 43.0 
ss 0.0 3.1 
mss 19.4 9.0 
mtd 8.3 11.3 
td 0.0 33.5 
X2=42.1, 3 d.f., p<0.005 
^ee Table 8. 
^See Table 8. 
V 
20.4 0.0001 
2.1 0.001 
3.6 0.0001 
18.8 0.0001 
54.6 0.0001 
Table 13. Mean percent shallow water and shore zone cover type composition 
for wetland classes, 1979-1981. 
Wetland open water/ Wetland Cover-^ 
Zone Class bare soil ss mss mtd td Type Rank 
Shallow 
Water 
ephemeral (86)^ 13.2 22.3 10,0 48.5 6.0 3PP 
temporary (90) 12.8 16.9 5.5 43.4 23.6 4B 
seasonal (183) 6.0 15.5 4.6 44.8 29.4 6B 
semi-perm (768) 16.9 5.7 1.9 21.8 53.6 8C 
permanent (341) 40.6 1.4 1.3 5.7 50.6 7C 
alkali (126) 85.5 3.0 1.0 5.3 5.5 . 2A 
feedlot (26) 79.5 10.7 2.6 5.6 1.7 lA 
stockpond (92) 68.2 1.2 0.9 5.8 24.9 5B 
Shore 
ephemeral (87) 7.7 7.4 35.4 45.9 3.5 2AB 
temporary (90) 4.8 5.7 17.2 53,5 18.7 5C 
seasonal (181) 2.9 5.4 14.8 50.1 25.7 5D 
semi-perm (757) 5.9 2.4 9.2 32.7 48.3 7E 
permanent (341) 14.3 2.0 5.8 22.7 55.3 8E 
alkali (125) 58.0 3.3 5.9 14.5 8.0 33 
feedlot (28) 55.4 12.3 9.1 12.0 0.2 lA 
stockpond (94) 43.0 5.4 7.0 24.5 17.8 4C 
^Based on open water or bare soil and ss, mss, mtd combined. 
^Sample size. 
^Duncan's multiple range test, ranks with the same letter are not 
significantly (p>0.05) different. 
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Table 14. Percent used and unused upland sites correctly 
classified by discriminant function analysis for 
each period, 1979-1981 
Period No. 
Used 
Percent No. 
Unused 
Percent 
Prebreeding^'^ 
1980-1981' 95 95.9 182 86.3 
Breeding Pairs^ 
1979 11 82.2 146 95.9 
1980 17 94.1 161 72.7 
1981 43 32.6 234 86.3 
Nonbreeding^ 
1980 25 60.0 60 95.0 
1981 48 100.0 84 88.1 
Postbreeding 
1979 35 100.0 219 95.4 
1980 25 76.0 248 94.4 
1981 54 79.6 362 60.8 
Broods 
1979-1981 32 12.5 317 98.4 
^Used, 1980 n=6 , 1981 n=89; unused, 1980 n=89, 
1981 n=93. 
^No data for 1979. 
°Data from first half of breeding period, see text for 
explanation. 
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efficiency is slightly lower than that of wetland habitats. 
Fewer total observations and my inability to quantify a soil 
moisture variable during transect runs probably were major 
reasons for the poorer separation of upland habitats. 
Qualitative observations suggested that godwits predominantly 
used upland sites with high soil moisture. 
Land-use 
Godwits consistently avoided tilled lands (Tables 
A.23-A.27). No use or preference patterns (Johnson 1980) of 
the other three land-use types were distinguishable for any 
periods of all 3 years (Tables A.23-A.27). For these reasons, 
and because land-use composition of my study area was 
relatively static throughout my investigation, I combined the 
data for final analyses (Table 15). 
Godwits used idle grasslands and pastures more frequently 
than expected from availability estimates. Godwits used 
hayfields commonly, but in proportion to availability. 
Nonetheless, preference rank analysis (Johnson 1980) showed 
pasture, grassland, and hayfield habitats equally preferred 
and all significantly favored over tilled lands. 
Territories had greater proportions of grassland, pasture, 
and hayfield within their boundaries than was generally 
available on the study area (Table 15). Territory composition 
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Table 15. Percent marbled godwit use, mean percent 
availability, and preference of land-use types 
along transects and land-use composition of 
territories (periods and years combined) 
Territory 
Land-use Use Avai 1.. Composition Use vs 
Type (n=648) (n=3f (n= 14) Avail. 
Pasture 35. 6 28.2 40 .9 1A° 
Hayfield 25. 3 24.9 27 .7 3A 
Grassland 25. 8 10.3 18 .3 2A 
Tilled 13. 1 36.8 13 .2 4B 
X2=262.5, 3 d.f.d 
Preference Rank^ 
3A 
2A 
lA 
4B 
p<0.005 
^See Table 5. 
^Based on 368 randomly selected quarter sections sampled 
each year, 1979-1981. 
°See Table 5. 
•^See Table 5. 
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was strikingly similar to use patterns, and preference 
rankings from both transect and territory data yielded 
consistent results. Of 30 nests found, 12 were in pastures, 9 
in hayfields, 8 in grasslands, and 1 in a tilled field. 
Vegetation Height 
Prebreeding, breeding, and nonbreeding godwits used upland 
vegetation height categories similarly (Tables A.28-A.30) and 
therefore, I combined the data for analysis (Table 15). In 
1979, areas used by godwits (200-m radius) had significantly 
more short (<15-cm) vegetative cover than unused sites. Used 
areas rarely had any vegetation greater than 50-cm. Also in 
1979, godwits used vegetation less than 15-cm and 15-60-cm 
tall proportionally to availability in used areas. In 1980 
and 1981, i detected no difference in vegetation height 
between used and unused areas. But, I saw godwits use the 
/ \ 
shortest vegetative cover often and more frequently than 
availability at used sites would predict. Short, sparse 
vegetation dominated the areas 1 m^ around nests each year 
(1979, n=5, mean percentage cover of bare soil, or vegetation 
<15-cm =81.5; 1980, n=12, x=94.9; 1981, n=13, x=85.7. Table 
A.31). Higgins et (1979) reported vegetation heights of 
less than 15-cm at 17 of 21 nests (81%). 
I again tested for possible bias introduced by poor 
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Table 16. Percent use, mean percent availability at used 
and unused sites, and preference of vegetation 
height categories in pasture, hayfield, and 
grassland land-use types - prebreeding, breeding, 
and nonbreeding godwits, 1979-1981 
Vegetation Avail. Avail. Used vs.& Pref.^ 
Height (cm) Year Use Used Unused Unused Rank 
1979 (n=27) (n=21) (n=146) 
<15 67.7 63.1 23.9 0.0001 
15-60 33.3 36.6 65.5 0.0001 
>60 
X2=0. 
0.0 
2, 1 d.f. 
0.2 
, p>0.05° 
10.1 0.008 
1980 (n=35) (n=48) (n=264) 
<15 85.7 67.6 61.2 0.23 
15-60 14.3 32.0 34.4 0.73 
>60 
X2=5. 
0.0 
2, 1 d.f. 
0.4 
, p<0.025 
3.7 0.15 
1981 (n=175) (n=134) (n=232) 
<15 95.4 57.3 56.9 0.2 1A<^ 
15-60 4.6 40.9 39.3 0.5 2A 
>60 0.0 1.7 3.8 0.04 3 
X2=104.0, 1 d.f., p<0.005 
^See Table 8. 
^Johnson 1980, combined over all 3 years. 
°See Table 5. 
^See Table 5. 
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detectability of godwits in tall vegetation. Contrary to this 
concern, I actually saw godwits more frequently in 15-60-cm 
vegetation, on transect runs, than expected from continuous 
observations (Table A.32). And, in 9.5 hours of time-budget 
observations, I never saw godwits enter cover taller than 
60-cm. 
Because sample sizes within years were small and broods 
used vegetation height categories similarly among years (Table 
A.33), I combined data for analysis (Table 17). I found no 
differences in vegetation height at sites used by broods 
versus unused sites. Broods tended to use intermediate 
(15-60-cm) cover more often than expected from availability. 
Use-availability calculations ranked vegetation 15-60-cm tall 
first and vegetation less than 15-cm last in preference 
(0.05<p<0.1). 
Postbreeding godwits used vegetation height categories 
consistently among years (Table A.34) and the data are 
combined in Table 18. Used areas had greater amounts of short 
(<15-cm) vegetation and little or no tall (>60-cm) cover. But 
at used sites, total and relative use of intermediate 
(15-60-cm) cover was greatest. Over all years, postbreeding 
godwits preferred this height over shorter cover (Table 18). 
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Table 17. Percent use, mean percent availability at used 
and unused sites, and preference of vegetation 
height categories in pasture, hayfield, and 
grassland land-use types - godwit broods, 1979-
1981 combined.. 
Vegetation 
Height (cm) Year Use 
Avai1. 
Used 
Avai1. 
Unused 
Used vs& 
Unused 
Pref.b 
Rank 
1979 -1981 (n=34) (n=32) (n=317) 
<15 17.6 34.0 26.9 0.23 3A° 
15-60 79.4 58.0 62.9 0.38 lA 
>60 2.9 5.0 9.8 0.22 2A 
X2=5. 3, 2 d.f. , p=0.075^ 
^See Table 8. 
bgee Table 16 
"^See Table 5. 
*^See Table 5. 
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Table 18. Percent use, mean percent availability at used 
and unused sites, and preference of vegetation 
height categories in pasture, hayfield, and 
grassland land-use types - postbreeding 
godwits, 1979-1981 combined 
Vegetation Avail. Avail. Used vs.^ Pref.^ 
Height (cm) Year Use Used Unused Unused Rank 
1979-1981 (n=114) (n=115) (n=821) 
<15 40.4 55.9 31.7 0.0001 2B° 
15-60 59.6 42.8 56.4 0.0001 lA 
>60 0.0 0.3 11.5 0.0001 3 
X2=13.3, 1 d.f., p<0.005d 
®See Table 8. 
^See Table 16 
°See Table 5. 
dgee Table 5. 
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Native Versus Introduced Vegetation 
Godwits used native hayfield and^grassland habitats 
preferentially over the same land-use type's dominated by 
introduced species (Table 19). Pastures, whether composed of 
native or introduced species, tend to be structurally similar 
and godwits used these habitats proportionally to 
availability. Native grasslands are characterized by greater 
topographic relief than planted grasslands, and the greater 
resultant soil moisture gradient, along with greater species 
diversity of native sites, produces a mosaic of structural 
complexity. Tame hayfields are usually monotypic stands of 
alfalfa, sweet clover, or smooth brome. These habitats are 
structurally less diverse and quite different in appearance 
from native grasslands mowed for hay. Godwits nested in 
native or introduced vegetation proportionally to availability 
in pasture and hayfield land-use types (pasture, X^=3.2, 1 
d.f., p>0.05; hayfield X2=l.l, 1 d.f., p>0.25), but preferred 
native over introduced grasslands (X^=17.7, 1 d.f., p<0.005. 
Table A.35). 
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Table 19. Percent use and availability of native and 
introduced vegetation in pasture, hayfield, 
and grassland habitats, 1980 and 1981 
Land-use 
Type Vegetation Use Avai1.^ 
Pasture (n=204)^ 
Native 84.3 79.0 
Introduced 15.7 21.0 
X2 =3.4, 1 d.f. p>0.05*^ 
Hayfield (n=148) 
Native 47.3 10.7 
Introduced 52.7 89.3 
=207.9, 1 d.f., p<0.005 
Grassland (n=68) 
Native 94.1 24.0 
Introduced 5.9 76.0 
=183.6, 1 d.f., p<0.005 
^Based on 368 randomly selected quarter sections sampled 
in 1980 and 1981. 
^Number of godwits seen in each land-use type. 
°See Table 5. 
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DISCUSSION 
Historically, the marbled godwit summer range in the 
northern prairie region was dominated by mixed or tall grass 
uplands interspersed with innumerable wetlands. Fire and the 
grazing and trampling actions of native ungulates (especially 
bison) were primary forces in this northern prairie ecosystem. 
These factors helped to create a broad, vegetative mosaic 
ranging from very short, open habitat to tall, rank cover. 
From historical evidence, it is clear that bison drastically 
reduced vegetation over large areas while other areas were 
only lightly grazed, or untouched (Fremont 1845, Allen 1876, 
Coues 1897, Tyrrell 1915, Larson 1940, Roe 1951, England and 
DeVos 1969). Fires burned unevenly over huge tracts of 
prairie (Coues 1897, Reid and Gannon 1928, Sauer 1950, Kirsch 
and Kruse 1972), reducing the amount of tall, rank vegetation 
on uplands and opening up wetland shoreline cover. McNaughton 
(1976) and Norton-Griffiths (1979) provide supporting evidence 
for this pristine prairie mosaic concept from current studies 
on grazing and fire on African grasslands. 
Marbled godwits seemingly are adapted to exploit the short 
vegetation components of the northern prairie ecosystem. My 
data indicate a strong preference for short, sparse to 
moderately dense cover along wetland shorelines and short 
vegetation in upland habitats. Long-billed curlews (Numenius 
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americanus) exploit similar short grass environments and 
grazing is seemingly required to maintain this habitat (Cole 
and Sharpe 1976, Jenni et 1982). Mountain plovers 
(Charadrius montanus) and upland sandpipers (Bartramia 
longiCauda) also prefer shorter grass habitats and several 
studies suggest that grazing, or fire are necessary to 
maintain appropriate vegetation height (Graul and Webster 
1976, Kirsch and Higgins 1976, Wallis and Wershler 1981, 
Knowles et 1982). 
Prebreeding, breeding, and nonbreeding godwits preferred 
the shallow ephemeral, temporary, and alkali wetlands. These 
wetland types had shore and shallow water zones dominated by 
the preferred short, sparse to moderately dense cover types, 
and open water or bare soil. Preferred wetland types were 
also typified by minimal proportions of tall, dense cover. 
Frequent use of semi-permanent wetlands likely is a function 
of their size, abundance, and widespread distribution. Why 
godwits did not exploit feedlots prior to the postbreeding 
period is unclear. Perhaps the rarity and distribution of 
feedlots relative to other wetlands precluded their use by 
territorial pairs, but prebreeders and nonbreeders should not 
be so limited. 
Territorial godwits chose areas with greater wetland 
abundance and a greater variety of wetland classes than was 
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generally available. As water levels recede through the 
season, and as plant growth occurs, wetland habitat 
availability and cover composition changes markedly. By 
choosing areas of greater wetland diversity, godwit pairs 
increase the likelihood of preferred habitat components being 
available throughout the nesting period. 
Although wetlands seem to be a critical resource for 
godwits, upland habitats are required for nesting and, in 
drought years such as 1981, may provide important feeding and 
loafing sites. Godwits strongly avoided intensively tilled 
land throughout my study and showed less preference for 
nonnative (planted) hayfield and grassland land-use types. At 
preferred pasture, hayfield, and grassland sites, prebreeding, 
breeding, and nonbreeding godwits used short (<15-cm) 
vegetation most often. Postbreeding godwits frequently used 
and preferred slightly taller vegetation (15-60-cm). I noted 
above that for prebreeding, breeding, and nonbreeding godwits, 
soil moisture was likely an important variable. Early in the 
season, godwits frequently probed while feeding in uplands, or 
ate earthworms that were at the soil surface. As the soil 
dries over the summer, probing is probably more difficult and 
earthworms less available. Therefore, postbreeding godwits 
are more likely to glean invertebrates from the vegetation. 
The 15-60-cm tall vegetation provides greater substrate for 
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invertebrates and thus, probably supports a greater prey 
biomass for postbreeding godwits. I frequently observed 
postbreeders feeding on grasshoppers. 
Godwit broods also used upland vegetation 15-50-cm tall 
very often. Jenni ^  (1982) found that long-billed curlew 
chicks used denser cover than did adults. They suggested 
these areas provided anti-predatory, thermoregulatory, and 
foraging benefits to chicks. When I saw chicks in more open 
habitats, they were rarely far from taller, more rank cover. 
When attending adults gave alarm calls, chicks typically ran 
to denser cover and hid. 
Throughout my study, godwits avoided tall dense cover, both 
in wetland and upland habitats. Jenni et al. (1982) suggested 
that thick vegetative cover may hamper long-billed curlews' 
ability to feed because of difficulty manuevering their long 
bills. They further noted that curlews did not seem to need 
the long bills for foraging on the summer range and that 
curlews were restricted to open vegetative sites because of 
structural adaptations for feeding on the wintering grounds 
(Jenni et a^. 1982). Marbled godwits do use their elongate 
bills for feeding on the summer range, probing into the 
substrate in wetlands and at moist upland sites. I agree, 
however, that the long bills may make foraging in dense cover 
difficult. Godwits attempting to probe into the soil and 
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handle captured prey through thick vegetation probably would 
be less efficient than those feeding at more open sites. 
Godwits wading in shallow water may also be impeded by thick 
submergent foliage. The preference for moderately vegetated 
sites over open water or bare soil may indicate greater food 
availability at those sites. 
Another benefit of using open habitats may be predator 
surveillance. By using sites dominated by short and/or 
relatively sparse vegetation, godwits can detect predators at 
long distances. Taller cover would reduce the distance at 
which predators could be seen by godwits. Common aerial 
predators in the northern prairie region (marsh hawk. Circus 
cyaneus; ferruginous hawk, Buteo regalis; and Swainson's hawk, 
Buteo swainsoni) frequently course low over the ground seeking 
to surprise prey. Godwits feeding in taller vegetation would 
have a reduced angle of vision, thus allowing aerial predators 
to approach more closely before detection. 
Conclusions and Recommendations 
If wetland drainage continues in the northern prairie 
region, the marbled godwit population will almost surely 
decline. Less permanent wetland types, ephemeral and 
temporary ponds, are most likely to be destroyed by 
agricultural drainage. This not only eliminates preferred 
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godwit habitat, but concurrent reductions in wetland diversity 
may reduce the value of remaining, more permanent wetlands to 
breeding godwits. 
Therefore, I recommend that wetland preservation efforts be 
directed at prairie wetland complexes, as opposed to the 
acquisition of single, large, more permanent ponds. Alkali 
wetlands, also, are critical habitat for marbled godwits and 
other northern prairie birds (e.g. willets, Catoptrophorus 
semipalmatus; American avocets, Recurvirostra americanus; 
piping plover, Charadrius melodus; Stewart 1975, Renaud 1979, 
Ryan, unpublished data. Zoology Department, North Dakota State 
University, Fargo, ND 58105). Special attention should be 
made to include alkali ponds in wetland complex preservation 
attempts. 
Currently on my study area, grazing is the most effective 
vegetation cover management for godwits. To a more limited 
degree prescribed burning programs are also beneficial. 
Moderate grazing by cattle (and to a lesser extent, sheep and 
horses) keeps upland vegetation at heights preferred by 
godwits. Trampling and some grazing in and along wetlands 
creates open habitat favored by godwits. Mowing for hay can 
also provide appropriate cover, especially on native 
vegetation sites. Mowing wetland edges can be particularly 
effective. Fall mowing, as close to the waterline as 
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possible, followed by reflooding by spring snow-melt water 
produces highly desirable short, moderately dense cover. Fall 
burning can likely be equally effective in opening up 
shoreline vegetation. Jenni et sJ.. (1982) found that fire may 
or may not produce suitable short vegetative cover for long-
billed curlews. Fall burning, in the northern mixed grass 
prairie, probably would provide attractive habitat the 
following spring for marbled godwits. Later in the summer, 
however, fire-stimulated plant growth may result in cover too 
tall and dense for godwits. Prescribed burning may also be 
beneficial to godwits by maintaining native mixed grass 
prairie. In the hilly Missouri Coteau region, native 
vegetation on the common, dry-mesic ridgetops is predominantly 
composed of short grass species (blue grama, needle-and-
thread, and upland carexes). These areas provide excellent 
nest sites. 
Intensively tilled land-use types were least preferred by 
godwits. If grasslands, pastures, and hayfields continue, as 
seems likely, to be converted to small grain or row crop 
agriculture, the godwit population will probably decline. As 
this land-use conversion occurs, management strategies for 
public lands will become increasingly important in the 
conservation of northern prairie fauna. Aldo Leopold (1949) 
challenged wildlife managers to become ecosystem managers over 
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30 years ago. Given the current extent of agricultural 
development in the northern prairie region, it may no longer 
be feasible to manage vast grassland ecosystems. I believe, 
however, that we can manage different pieces of remaining 
prairie habitat as components of the former pristine prairie 
mosaic. Much current management on the northern prairies is 
featured species management, often directed at producing tall, 
dense cover. By using fire, mowing, and/or especially grazing 
on some smaller tracts, or on portions of larger public 
holdings, we can re-create the shorter grass, 'disturbed' end 
of the pristine northern mixed and tall grass prairie 
continuum to which marbled godwits and other species have 
adapted. 
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Table A.l. Mean percent upland land-use composition 
surrounding used and unused wetlands -
prebreeding godwits, 1980 and 1981 
Used vs.a 
Land-use Year Used Unused Unused 
1980 (n=152) (n=91) 
Pasture 47.7 32.3 0.0001 
Hayfield 15.1 14.7 0.001 
Grassland 30.4 20.8 0.0006 
Tilled 4.5 25.3 0.0001 
1981 (n=10) (n=94) 
Pasture 30.0 34.3 0.74 . 
Hayfield 47.0 27.2 0.07 
Grassland 8.0 14.6 0.44 
Tilled 15.0 19.3 0.64 
^See Table 8. 
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Table A.2. Mean percent upland land-use composition 
surrounding used and unused wetlands -
breeding godw^its, 1979-1981 
Used vs.^ 
Land-use Year Used Unused Unused 
1979 (n=95) (n=160) 
Pasture 23.9 36.7 0.02 
Bayfield 45.0 21.2 0.0001 
Grassland 20.2 21.4 0.66 
Tilled 10.8 18.4 0.05 
1980 (n=88) (n=270) 
Pasture 33.7 35.0 0.83 
Hayfield 17.6 16.5 0.66 
Grassland 19.6 15.6 0.24 
Tilled 21.5 24.8 0.40 
1981 (n=78) (n=234) 
Pasture 42.0 36.7 0.39 
Hayfield 24.0 24.8 0.78 
Grassland 15.8 14.6 0.82 
Tilled 16.5 20.2 0.24 
^See Table 8. 
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Table A.3. Mean percent upland land-use composition 
surrounding used and unused wetlands -
nonbreeding godwits, 1979-1981 
Land-use Year Used Unused 
Used vs.^ 
Unused 
1979 (n=37) (n=60) 
Pasture 43.2 33.8 0.28 
Hayfield 18.4 29.5 0.19 
Grassland 17.8 19.6 0.74 
Tilled 20.5 14.4 0.52 
1980 (n=101) (n=135) 
Pasture 52.6 34.8 0.0004 
Hayfield 13.1 19.7 0.13 
Grassland 21.8 11.8 0.0001 
Tilled 9.6 24.6 0.0001 
1981 (n=23) (n=84) 
Pasture 43.4 35.9 0.34 
Hayfield 45.2 26.8 0.15 
Grassland 0.0 14.1 0.003 
Tilled 11.3 20.8 0.48 
®See Table 8. 
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Table A.4. Mean percent upland land-use composition 
surrounding used and unused wetlands -
godwit broods, 1979-1981. 
Land-use Year Used 
1 
Unused 
Used vs.^ 
Unused 
1979 (n=7) (n=143) 
Pasture 23.6 45.2 0.16 
Hayfield 36.4 16.1 0.14 
Grassland 22.1 21.1 0.78 
Tilled 17.9 15.1 0.79 
1980 (n=5) (n=65) 
Pasture 36.2 42.2 0.74 
Hayfield 26.2 14.4 0.18 
Grassland 23.0 12.7 0.35 
Tilled 8.6 20.9 0.23 
1981 (n=4) (n=129) 
Pasture 55.0 38.9 0.39 
Hayfield 11.3 19.1 0.53 
Grassland 18.8 14.9 0.78 
Tilled 6.3 22.8 0.26 
^ee Table 8. 
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Table A.5. Mean percent upland land-use composition 
surrounding used and unused wetlands -
postbreeding godwits, 1979-1981 
Land-use Year Used Unused 
Used vs.^ 
Unused 
1979 (n=189) (n=237) 
Pasture 70.2 40.8 0.0001 
Hayfield 6.2 17.7 0.0001 
Grassland 3.6 24.6 0.0001 
Tilled 17.8 15.2 0.76 
1980 (n=399) (n=254) 
Pasture 15.9 38.0 0.0001 
Hayfield 64.3 15.3 0.0001 
Grassland 7.4 17.6 0.0001 
Tilled 8.5 19.9 0.0002 
1981 (n=480) (n=364) 
Pasture 52.7 35.0 0.0001 
Hayfield 10.8 23.0 0.0001 
Grassland 19.8 14.2 0.002 
Tilled 15.3 20.9 0.002 
^See Table 8. 
Table A.6. Percent wetland use and availability (km) and 
preference rank for prebreeding godwits, 
1980 and 1981. 
Wetland Use , Avail. Preference^ 
Class (n=143)G (n=496)C Rank 
ephemeral 0.0 1.3 4^ 
temporary 0.0 1.6 4 
seasonal 0.0 9.1 4 
semi-perm 70.6 48.3 2B 
permanent 3.5 27.3 3B 
alkali 25.9 10.7 ' lA 
feedlot 0.0 0.9 4 
stockpond 0.0 0.9 4 
X2=153.6, 4 d.f., p <0 .005® 
^See Table 5. 
^1980 n=133, 1981 n=10. 
^ean for 1980 and 1981. 
d^ee Table 5. 
®See Table 5. 
Table A.7. Percent wetland use and availability (km), and preference rank 
for breeding godwitsy 1979-1981. 
Wetland 
Class 
1979 
Use Avail. 
(n=56) (n=770) 
1980 
Use Avail. 
(n=62) (n=852) 
1981 
Use Avail. 
(n=45) (n=481) 
Preference' 
rank 
ephemeral 18.2 4.5 8.1 1.3 2.2 0.4 IA" 
temporary 10.6 7.0 1.6 1.1 0.0 0.3 3AB 
seasonal 7.6 17.4 6.5 8,0 8.8 3.9 5BC 
semi-perm 47.0 42.1 41.9 48.2 35.6 42.5 4C 
permanent 1.5 17.2 21.0 . 29.2 17.8 40.5 6D 
alkali 15.2 9.7 21.0 10.5 28.9 10.6 2A 
feedlot 0.0 1.4 0.0 0.6 2.2 0.7 7 
stockpond 0.0 0.5 0.0 0.8 4.4 1.2 7 
X^=29. 4, 3 d.f? X2=19.8 , 4 d.f. XZ=29.4 , 3 d.f. 
p<0 .005 p<0. 005 p<0. 005 
®See Table 5. 
bsee Table 5. 
°See Table 5. 
Table A.8. Percent wetland use and availability (km), and preference rank 
for nonbreeding godwits, 1979-1981-
1979 1980 1981 
Wetland Use Avail. Use Avail. Use Avail. Preference^ 
Class (n=30) (n=440) (n=112) (n=426) (n=18) (n=170) rank 
ephemeral 50.0 5.3 3.6 1.1 72.2 0.3 lA^ 
temporary 33.3 7.1 4.5 0.8 0.0 0.3 2A 
seasonal 0.0 15.5 0.0 6.3 0.0 2.9 6 
semi-perm 3.3 42.9 66.1 48.7 22.2 39.6 4B 
permanent 0.0 18.0 4.5 30.1 0.0 46.2 5B 
alkali 13.3 10.0 19.6 11.6 5.5 9.2 3A 
feedlot 0.0 0.7 1.8 0.6 0.0 0.1 6 
stockpond 0.0 0.6 0.0 0.8 0.0 0.3 6 
X2=163. 6, 5 d.f.c X2=59. 0, 4 d.f. X2=14.1 , 3 d.f. 
p<0. 005 p<0 .005 p<0. 005 
%ee Table 5. 
^Sée Table 5. 
%ee Table 5. 
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Table A.9. Percent wetland salinity category distributions 
for used and unused wetlands - prebreeding 
godwits, 1980 and 1981 
Salinity Used Unused 
Category (n=152)^ (n=183) 
fresh 0.0 10. 4 
slightly brackish 52.3 46. 4 
moderately brackish 4.9 19. 1 
brackish 5.6 11. 5 
subsaline 0.0 8. 2 
saline 27.2 4. 4 
X2 =252.6, 5 d.f. / 
r= 
CO i—! O
 
1 p=0.8° 
^Used 1980 n=152, 1981 n=10; unused 1980 n=89, 1981 n=94. 
^Goodness-of-fit test. 
^Spearman rank correlation, use rank and salinity rank. 
Table A.10. Percent wetland salinity category distributions 
for used and unused wetlands - breeding godwits, 
1979-1981. 
1979 
Salinity Use Unused 
Category (n=93) (n=121) 
fresh 24.7 36.4 4.9 10.2 1.3 3.0 
slightly brackish 45.2 33.1 23.5 49.2 37.2 50.4 
moderately brackish 8.6 26.9 19.8 22.9 25.6 21.6 
brackish 2.2 3.3 19.8 9.1 10.3 13.4 
subsaline 5.4 3.3 0.0 6.1 1.3 8.2 
saline 14.0 8.6 32.1 2.6 24.4 3.4 
X==22. 0% X2=17 .6 X2=22 .9 
4 d.f. p<0.005 3 d.f.. p<0.005 3 d.f. p<0.005 
r=0.54. p=0.3^ r=-0.21 / P—0•7 r=0.1. p=0.85 
%ee Table A.9. 
4see Table A.9. 
1980 1981 
Use Unused Use Unused 
(n=81) (n=266) (n=78) (n=232) 
Table A.11. Percent wetland salinity category distributions 
for used and unused wetlands - nonbreeding 
godwits, 1979-1981. 
1979 1980 1981 
Salinity Use Unused Use Unused Use Unused 
Category (n=29) (n=46J (n=101) (n=131) (n=23) (n=83) 
fresh 
1—1 in 
26.1 5.9 4.6 56.5 3.6 
slightly brackish 34.5 28.3 72.3 50.4 0.0 49.4 
moderately brackish 0.0 26.1 4.0 23.7 43.5 27.7 
brackish 0.0 4.3 4.0 12.2 0.0 10.8 
subsaline 0.0 6.5 0.0 6.1 0.0 6.0 
saline 13.8 8.7 13.9 3.1 0.0 2.4 
X2=19 .3* X2=57 .4 X^-11 .1 
4 d.f. p<0.005 3 d.f.. p<0.005 3 d.f. p<0.05 
r=0.6. p=0.24^ r=0.3, p=0.55 r=0.71 , p=0.14 
%ee Table A .  9. 
^ee Table A . 9 .  
Table A.12. Percent wetland salinity category distributions 
for used and unused wetlands - postbreeding 
godwits, 1979-1981. 
1979 1980 1981 
Salinity Use Unused Use Unused Use Unused 
Category (n=189) (n=192) (n=399) (n=245) (n=485) (n=357) 
fresh 18.5 25.0 0.0 2.0 M
 00
 
00
 
2.2 
slightly brackish 14.8 39.1 9.5 53.9 10.0 53.5 
moderately brackish 58.2 24.0 8.0 20.4 30.3 19.0 
brackish 0.0 7.3 11.8 8.6 12.4 11.8 
subsaline 0-0 2.6 0.0 10.6 0.2 7.3 
saline 8.5 2.1 70.7 4.5 27.8 6.2 
X2=126 .0^ X2=2742.5 X2=259. 1 
3 d.f. p<0.005 4 d.f.. p<0.005 4 d.f. p<0.005 
r=0.64. p=0.17^ r=-0.47 , p=0.35 r=0.03, p=1.0 
^See Table A.9. 
bgee Table A.9. 
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Table A.13. Percént wetland salinity category distributions 
for used and unused wetlands - godwit broods, 
1979-1981 
Salinity Used Unused 
Category (n=15) (n=311) 
fresh 13.3 15.4 
slightly brackish 53.3 44.1 
moderately brackish 0.0 23.5 
brackish 13.3 10.0 
subsaline 13.3 5.5 
saline ,6.7 1.6 
X2=4.1, 4 d.f., p>0.25' 
,b r=0.43, p=0.42 
^See Table A.9. 
bsee Table A.9. 
Table A.14. Percent use and mean percent availability of vegetation cover 
types in the shallow water zone of used and unused wetlands -
prebreeding godwits, 1980 and 1981 combined. 
Vegetation 
Cover 
Types Use 
Avail, 
in Used 
Avail, in 
Unused 
Used vs.^ 
Unused 
(n=131) (n=162) (n=185) 
open water 55.7 51.3 24.5 0.0001 
ss 44.3 41.0 16.7 0.0001 
mss 0.0 4.1 3.5 0.58 
mtd 0.0 0.7 15.2 0.0001 
td 0.0 2.9 41.8 0.0001 
X2=10.9, 2 d.f., p<0.005b 
®See Table 8. 
^See Table 8. 
Table A.15. Percent use and mean percent availability of vegetation cover 
types in the shallow water zone of used and unused wetlands -
breeding godwits, 1979-1981. 
Vegetation 
Cover Avail. Avail, in Used vs. 
Types Use in Used Unused Unused 
1979 (n=51) (n=96) (n=160) 
open water 5.9 21.7 7.3 0.0001 
ss 47.0 27.3 5.8 0.0001 
mss 15.7 9.5 3.8 0.0001 
mtd 31.4 31.7 61.0 0.0001 
td 0.0 12.2 22.4 0.02 
X2=; 21.5, 4 d. f., p<0.005^ 
1980 (n=47) (n=78) (n=270) 
open water 51.1 41.1 20.1 0.0001 
ss 25.5 16.6 13.3 0.16 
mss 14.9 10.9 3.5 0.0003 
mtd 8.5 15.2 26.0 0.01 
td 0.0 13.9 37.4 0.0001 
X2=12.6, 4 d.f., p<0.025 
1981 {n=46) (n=71) 
open water 60.9 43.5 
ss 13.0 9.0 
mss 8.7 7.5 
mtd 17.3 8.1 
td 0.0 31.9 
X2=23.9, 4 d.f., p<0.005 
See Table 8. 
See Table 8. 
n=235) 
31.3 
7.7 
1.8 
13.8 
45.9 
0.01 
0.18 
0.0001 
0.16 
0.007 
Table A.15. Percent use and mean percent availability of vegetation cover 
types in the shallow water zone of used and unused wetlands -
nonbreeding godwits, 1979-1981 
Vegetation 
Cover Avail. Avail, in Used vs.^ 
Types Use in Used Unused Unused 
1979 (n=24) (n=37) (n=60) 
open water 25.0 33.2 13.4 0.005 
SB 20.8 15.4 6.9 0.01 
mss 4.2 3.6 7.1 0.5 
mtd 50.0 27.5 56.8 0.002 
td 0.0 12.2 15.7 0.36 
X2=7 .5, 3 d.f. , p>0.05^ 
1980 (n=67) (n=101) (n=135) 
open water 25.4 27.1 25.2 0.24 
ss 61.2 43.1 8.5 0.0001 
mss 3.0 4.2 2.5 0.0001 
mtd 10.5 20.2 26.5 0.02 
td 0.0 4.6 37.2 0.0001 
X2=10.9, 3 d.f., p<0.025 
1981 (n=9) 
open water 11.1 
ss 33.3 
mss 0.0 
mtd 55.6 
td 0.0 
X2=2.1, 3 d.f.. 
^See Table 8. 
bgee Table 8. 
(n=23) (n=84) 
7.2 29.5 0.008 
20.2 7.1 0.01 
10.4 1.7 0.0011 
60.2 12.7 0.001 
2.0 47.3 0.0001 
p>0.5 
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Table A.17. Shallow water zone cover type preference 
rankings for prebreeding, breeding, and 
nonbreeding godwits, 1979-1981 
Cover Preference Ranks 
Type Prebreeding Breeding Pairs Nonbreeding 
open water 2A^ 
s s lA 
mss 3 
mtd 3 
td 3 
2B 4AB 
lA 2A 
3B lA 
4B 3AB 
5C 5B 
^Ranks with the same letter are not significantly (p>0.05) 
different from each other. If no letter appears, observations 
were too few to analyze. 
Table A.18. Percent use and mean percent availability of vegetation cover 
types in the shore zone of used and unused wetlands -
prebreeding godwits, 1980 and 1981 combined 
Vegetation 
Cover Avail. Avail, in Used vs.^ 
Types Use in Used Unused Unused 
(n=32) (n=162) (n=185) 
bare soil 40.6 34.5 11.7 0.0001 
ss 12.5 44.5 6.0 0.0001 
mss 15.6 10.2 17.6 0.34 
mtd 31.3 6.9 26.6 0.0001 
td 0.0 3.8 37.7 0.0001 
XZ=37.3, 3 d.f., p<0.005^ 
^See Table 8. 
^See Table 8. 
Table A.19. Percent use and mean percent availability of vegetation cover 
types in the shore zone of used and unused wetlands - breeding 
godwits, 1979-1981. 
Vegetation 
Cover 
Types Use 
Avail, 
in Used 
Avail, in 
Unused 
Used vs. 
Unused 
1979 (n=34) (n=96) (n=160) 
bare soil 8.8 9.0 4.0 0.04 
ss 0.0 0.6 1.5 0.29 
mss 58.8 52.4 14.4 0.0001 
mtd 32.4 34.6 69.5 0.0001 
td 
X2= 
0.0 
1.8, 3 d.f 
3.4 
., p>0.5^ 
10.6 0.002 
1980 (n=22) (n=78) (n=270) 
bare soil 13.6 14.1 9.9 0.02 
ss 45.4 11.1 7.1 0.02 
mss 18.2 28.9 16.8 0.0002 
mtd 18.2 32.8 38.4 0.23 
td 
X2= 
4.5 
22.0, 4 d. 
13.0 
f., p<0.005 
27.2 0.0002 
1981 (n=20) (n=71) 
bare soil 45.0 28.4 
ss 5.0 7.0 
mss 40.0 12.9 
mtd 10.0 12.8 
td 0.0 40.1 
X2=21.4, 4 d.f., p<0.005 
%ee Table 8. 
^ee Table 8. 
n=235) 
15.9 
2.5 
7.8 
21.5 
52.3 
0.003 
0.004 
0.02 
0.08 
0.008 
Table A.20. Percent use and mean percent availability of vegetation cover 
types in the shore zone of used and unused wetlands -
nonbreeding godwits, 1979-1981 
Vegetation 
Cover 
Types Use 
Avail, 
in Used 
Avail, in 
Unused 
Used vs.' 
Unused 
bare soil 
ss 
mss 
mtd 
td 
1979 (n=13) 
30.8 
0 . 0  
30.8 
38.5 
0 . 0  
(n=37) 
30.7 
0 . 0  
32.1 
37.1 
0.1 
X2=0.02 2 d.f., p>0.99' 
bare soil 
ss 
mss 
mtd 
td 
1980 (n=33) 
30.3 
42.4 
12.1 
15.2 
0.0 
(n=101) 
18.5 
48.7 
12.7 
13.8 
6.3 
(n=60) 
6.7 
0 . 2  
22.4 
57.9 
12.7 
(n=135) 
14.3 
6 . 6  
16.2 
33.2 
29.6 
0.0004 
0.3 
0.14 
0.02  
0.0003 
0.04 
0.0001 
0.96 
0.0001 
0.0001 
X2=5.0, 4 d.f., p>0.25 
1981 (n=14) (n=23) 
bare soil 0.0 0.0 
ss 0.0 0.0 
mss 42.9 29.2 
mtd 57.1 59.2 
td 0.0 11.6 
X2=2.5, 2 d.f., p>0.25 
®See Table 8. 
^See Table 8. 
(n=84) 
14.8 0.005 
3.0 0.18 
7.4 0.0001 
16.0 0.0001 
58.8 0.0001 
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Table A.21. Shore zone cover type preference rankings for 
prebreeding, breeding, and nonbreeding godwits, 
1979-1981 
Cover Preference Ranks 
Type Prebreeding Breeding Pairs Nonbreeding 
bare soil 4^ 3A 3A 
ss 3 lA lA 
mss 2 2A 5A 
mtd 1 4A 4A 
td 5 5B 2A 
^See Table A.17. 
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Table A.22. Frequency distributions of the the three most 
common godwit behaviors by habitat zone 
Behavior 
Shallow Water 
Zone 
(n=1023)a 
Shore 
Zone 
(n=323) 
Upland 
(n=466) 
feed 85.3 75.2 75.8 
loaf 6.0 20.1 22.7 
preen 8.9 4.6 1.5 
X2=121. 4, 4 d.f., p<0.005^ 
^Number of godwits seen in each zone. 
^3X3 contingency table analysis. 
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Table A.23. Percent use, mean percent availability, and 
preference rank of land-use types - prebreeding 
godwits, 1980 and 1981 combined 
Land-use Use Avai1. ^ Preference^ 
Type (n= 95) (n=2) Rank 
Pasture 33 .7 29.4 
Hayfield 54 .7 22.1 lA 
Grassland 0 .0 9.8 4A 
Tilled 11 .6 38.7 3A 
X2=77. 1, 3 d.f., p<0 .005^ 
^Based on 368 randomly selected quarter sections sampled 
each year, 1980 and 1981. 
^See Table 5. 
°See Table 5. 
^See Table 5. 
Table A.24. Percent use, mean percent availability, and 
preference rank of land-use types - breeding 
godwits, 1979-1981-
Land-use Preference^ 
Type Use Avail. Rank 
1979 (n=22) (n=368)b 
Pasture 27.2 27.3 
Hayfield 45.5 28.6 
Grassland 0.0 10.0 
Tilled 27.2 34.0 
X2: =4.7, 3 d.f., p>0.1' 
1980 (n=14) (n=368) 
Pasture 50.0 31.9 
Hayfield 42.9 23.0 
Grassland 0.0 12.5 
Tilled 7.1 32.7 
X2 =8.5, 3 d.f., p<O.C 
1981 (n=39) (n=368) 
Pasture 48.7 26.3 lA^ 
Hayfield 28.2 22.9 3A 
Grassland 15.4 7.5 2A 
Tilled 7.7 43.3 4B 
X%=22.1, 3 d.f., p<0.005 
^See Table 5; calculated on combined 3 year data. 
^Randomly selected quarter sections. 
^See Table 5. 
dgee Table 5. 
Table A.25. Percent use, mean percent availability, and 
preference rank of land-use types - nonbreeding 
godwits, 1979-1981. 
Land-use Preference ^  
Type Use Avail. Rank 
1979 (n=ll) (n=368)b 
Pasture 90.9 26.3 
Hayfield 9.1 28.9 
Grassland 0.0 10.6 
Tilled 0.0 33.5 
X2: =23.8, 3 d.f., p<0. 
1980 (n=30) (n=368) 
Pasture 80.0 31.1 
Hayfield 16.7 23.6 
Grassland 0.0 12.4 
Tilled 3.3 32.8 
X2 =37.1, 3 d.f., p<0. 
1981 (n=43) (n=368) 
Pasture 23.3 25,7 2A?^ 
Hayfield 76.7 21.7 lA 
Grassland 0.0 8.2 4 
Tilled 0.0 44.3 3B 
X2=83.1, 3 d.f., p<0.005 
^ee Table 5; calculated on combined 3 year data, 
^ee Table A.24. 
9See Table 5. 
%ee Table 5. 
Table A,25. Percent use, mean percent availability, and 
preference rank of land-use types - godwit 
broods, 1979-1981. 
Land-use Preference^ 
Type Use Avail. Rank 
1979 (n=16) (n=368)' 
Pasture 50.0 25.4 
Hayfield 25.0 30.1 
Grassland 18.8 10.2 
Tilled 6.3 33.7 
X2: =8.7, 3 d.f., p<0. 
1980 (n=ll) (n=368) 
Pasture 45.5 29.5 
Hayfield 31.8 23.0 
Grassland 22.7 12.5 
Tilled 0.0 32.7 
X2 =5.8, 3 d.f., p>0. 
1981 ( 11=14) (n=358) 
Pasture 50.0 26.4 2A^ 
Hayfield 35.7 23.2 3A 
Grassland 0.0 7.2 lA 
Tilled 14.3 43.2 4B 
X2=7.5, 3 d.f., p<0.06 
^See Table 5; calculated on combined 3 year data, 
bgee Table A.24. 
°See Table 5. 
^See Table 5. 
Table A.27. Percent use, mean percent availability, and 
preference rank of land-use types -
postbreeding godwits, 1979-1981. 
Land-use Preference^ 
Type Use Avail- Rank 
1979 (n=59) (n=368)^ 
Pasture 0.0 26.3 
Hayfield 0.0 29.2 
Grassland 32.2 9.8 
Tilled 67.8 34.5 
X2=81.6, 3 d.f., p<0.005^ 
1980 (n=39) (n=368) 
Pasture 17.9 32.1 
Hayfield 48.7 22.3 
Grassland 0.0 12.5 
Tilled 33.3 32.9 
X2=22.0, 3 d.f., p<0.005 
1981 (n=179) (n=368) 
Pasture 53.6 26.3 2A*^ 
Hayfield 8.4 22.4 3A 
Grassland 33.5 8.2 lA 
Tilled 4.5 43.1 4B 
X==344.0, 3 d.f., p<0.005 
^See Table 5; calculated on combined 3 year data, 
bgee Table A.24. 
^See Table 5. 
^See Table 5. 
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Table A.28. Percent use and mean percent availability of 
vegetation height, in pasture, hayfield, and 
grassland habitats, at used and unused 
sites - prebreeding godwits, 1980 and 1981. 
Vegetation 
Height (cm) Year Use 
Avai1. 
Used 
Avail. 
Unused 
Used vs.' 
Unused 
1980-1981 (n=97) (n=97) (n=182) 
<15 97.9 73.4 64.9 0.0007 
15-60 2.1 26.4 29.1 0.04 
>60 0.0 0.1 5.2 0.0001 
X2=29.9, 1 d.f., p<0.005^ 
^See Table 8. 
^See Table 5. 
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Table A.29. Percent use and mean percent availability of 
vegetation height, in pasture, hayfield, and 
grassland habitats, at used and unused 
sites - breeding godwits, 1979-1981 
Vegetation Avail. Avail. Used vs.^ 
Height (cm) Year Use Used Unused Unused 
1979 (n=15) (n=13) (n=146) 
<15 67.7 86.6 23.9 0. 0001 
15-60 33 .3 13.0 65.5 0. 0001 
>60 0.0 0.4 10.5 0. 04 
X2=5.2, 1 d.f., p<0.025^ 
1980 (n=13) (n=17) (n=264) 
<15 76.9 78.4 61.2 0. 02 
15-60 23.1 20.6 34.4 0. 04 
>60 0.0 1.0 3.7 0. 42 
X2=0.02, 1 d.f. , p=0.9 
1981 (n=41) (n=43) (n=232) 
<15 97.6 59.2 56.9 0. 7 
15-60 2.4 40.4 39.3 0. 8 
>60 0.0 0.4 3.8 0. 03 
X2=23.6, 1 d.f. , p<0.005 
^See Table 8. 
^See Table 5. 
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Table A.30. Percent use and mean percent availability of 
vegetation height, in pasture, hayfield, and 
grassland habitats, at used and unused 
sites - nonbreeding godwits, 1979-1981 
.9 
Vegetation Avail. Avail. Used vs.^ 
Height (cm) Year Use Used Unused Unused 
1979 (n=12) (n=8') (n=57) 
<15 67.7 25.0 33.9 0.98 
15-60 33 .3 75.0 55.6 0.47 
>60 0.0 0.0 10.5 0.16 
X2 = ll .1, 1 d.f. , p<0.005 b 
1980 (n=16) (n=25) (n=61) 
<15 100.0 56.8 61.9 0.42 
15-60 0.0 43.2 36.6 0.27 
>60 0.0 0.0 1.4 0.01 
X2=12 .3, 1 d.f. , p<0.005 
1981 (n=43) (n=48) (n=84) 
<15 83.7 44.9 56.0 0.06 
15-60 16.3 50.7 39.3 0.04 
>60 0.0 4.4 4.7 0.89 
X2=26.2, 1 d.f., p<0.005 
^See Table 8. 
^See Table 5. 
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Table A.31. Mean percent vegetative cover type in 1 
area surrounding godwit nests 
Cover 1979 1980 1981 
Type (n=5) (n=12) (n=13) 
bare soil 21.5 16.9 5.3 
<15-cm 50.4 78.0 80.4 
15-60-cm 18.1 5.1 14.2 
>60-cm 0.4 0.0 0.0 
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Table A.32. Percent sightings and time spent by godwits 
in upland vegetation height categories as 
determined by transect and time-budget 
observations 
Vegetation Transect Time-budget 
Height (cm) Observations Observations 
(n=385)^ (n=9.5 hrs) 
<15 69.4 98.5 
15-50 30.4 1.5 
>60 0.2 0.0 
X2=2454.2, 1 d.f., p<0.005^ 
^Number of godwits. 
^Goodness-of-fit test. 
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Table A.33. Percent use and mean percent availability of 
vegetation height, in pasture, hayfield, and 
grassland habitats, at used and unused 
sites - godwit broods, 1979-1981. 
Vegetation Avail. Avail. Used vs.^ 
Height (cm) Year Use Used Unused Unused 
1979 (n=12) (n=10) (n=129) 
<15 8.3 15.6 10.5 0. 7 
15-60 83.3 70.4 69.1 0. 88 
>60 8.3 • 14.0 20.3 0. 59 
1—
i 
II IM X
 0, 2 d.f.. p>0.75^ 
1980 (n=ll) (n=10) (n=63) 
<15 18.2 37.4 48.9 0. 25 
15-60 81.8 61.1 48.1 0. 19 
>60 0.0 1.5 2.7 0. 73 
X2=2. 0, 1 d.f.. p>0.1 
1981 (n=ll) (n=12) (n=126) 
<15 27.3 43.5 32.9 0. 11 
15-60 72.7 46.5 63.8 0. 01 
>60 0.0 10.0 3.3 0. 27 
X2=3 . 4, 2 d.f., p>0.1 
^See Table 8. 
^See Table 5. 
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Table A.34. Percent use and mean percent availability of 
vegetation height, in pasture, hayfield, and 
grassland habitats, at used and unused 
sites - postbreeding godwits, 1979-1981 
Vegetation 
Height (cm) Year Use 
Avai1. 
Used 
Avai1. 
Unused 
Used vs.^ 
Unused 
1979 (n=35) (n=35) (n=218) 
<15 45.7 73.2 12.6 0.0001 
15-60 54.3 26.3 54.8 0.0001 
>60 0.0 0.5 32.8 0.0001 
X2=13.4, 1 d.f. , p<0.005^ 
1980 (n=26) (n=2 6) (n=248) 
<15 38.5 56.2 44.9 0.08 
15-60 61.5 43.6 49.4 0.4 
>60 0.0 
X2=3.5, 1 d.f., 
0.2 
p=0.07 
5.1 0.1 
1981 (n=53) (n=54) (n=362) 
<15 37.7 46.6 34.2 0.11 
15-60 62.3 53.2 62.3 0.1 
>60 0.0 
X2=1.7, 1 d.f., 
0.0 
p>0.1 
3.2 0.1 
^See Table 8, 
^See Table 5. 
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Table A.35. Percent nests located in and availability 
of native or introduced vegetation types 
in pasture, hayfield, and grassland habitats 
Land-use 
Type Vegetation Nest Avail. 
Pasture (n=12)^ 
Native 100.0 79.0 
Introduced 0.0 21.0 
X2=3.2, 1 d.f. p>0.05° 
Hayfield (n=9) 
Native 0.0 10.7 
Introduced 100.0 89.3 
X2=l.l, 1 d.f., p>0.25 
Grassland (n=8) 
Native 87.5 24.0 
Introduced 12.5 76.0 
X2=17.7, 1 d.f., p<0.005 
^Based on 358 randomly selected quarter sections sampled 
in 1980 and 1981. 
^Number of nests in each land-use type. 
°See Table 5. 
